Podcasts are increasingly being used for medical education, both within teaching institutions and on an international scale by major journals. To date, there are no evidence-based guidelines for the development of educational podcasts. To review the state of the literature, MEDLINE, SCOPUS, and ERIC were searched in May 2016 for articles describing audio format podcasts used in medical education. Eighty-four articles met inclusion criteria. A qualitative synthesis of the evidence was done using Kirkpatrick's model for evaluating outcomes. Twenty-four articles described reaction outcomes, eleven described learning outcomes, and one described behavioral outcomes. None measured patient impact. The literature demonstrates that podcasts are both feasible and accepted by learners. The mean length of reported podcasts was 18 minutes, which falls within the recommended range in at least one paper, and is consistent with reported listener preference. Interview format, clear disclosures, and accurate information were reported as desirable. There is limited evidence showing the efficacy of podcasts as teaching tools, or regarding best practices in making podcasts. More rigorous studies evaluating efficacy, changes in behavior, and changes in patient outcomes need to be performed in order to prove podcasts' value and to justify production costs.
Introduction
The use of audio recordings for medical education has been documented in the literature as far back as 1968, when they were used for asynchronous learning in histology classwork [1] . Podcasting in its current form, as a method of distributing audio content, is much more recent. The first use of the term podcast was in 2004 in
The Guardian, and prior to that the term "audio blogging" was used for digital audio content being distributed online [2] . Podcasts are on the rise in medical education and continuing medical education, at least in the fields of critical care and emergency medicine [3] . Many major journals produce podcasts and significant cost and effort is being applied to these products. Practical guidance for the development of podcasts for medical education exists in the medical literature, though evidence-based guidance recommending specific educational techniques does not [4, 5] .
This literature review will examine the efficacy of podcasts for medical education and seek evidence for best practices in developing medical education podcasts.
For the purpose of this review, we define a podcast as: Percentages expressed in terms of those explicitly reporting data for a given category.
further categorized based on Kirkpatrick's outcomes hierarchy [6] .
Results
Our initial literature search generated a total of 440 citations. This was reduced to 324 articles after automated and manual de-duplication. Nineteen papers described audio-only podcasts, while 20 described podcasts with audio and some kind of visual cues, which included still images or short video clips.
Again, video-only podcasts were explicitly excluded from this review.
The length of the podcast used was reported in 17 papers and typically ranged from 10 to 20 minutes with a mean of 18 minutes (Fig. 2) . Feedback specifically on length was reported to be uniformly positive in one study using 15-to 20-minute recordings [7] . A survey of
Canadian anesthesiology residents reported that they preferred a 15-to 30-minute format for didactic talks and a 5-to 15-minute length for other modalities (case discussions, journal article summaries, procedural skills, debates, or discussions). There was almost no interest in content beyond 45 minutes in this group [8] .
Both monologue and interview format podcasts were reported. Most dialogue and interview participants were designated as experts, clinicians or faculty, but in four papers at least one of the participants was a learner [9] [10] [11] [12] . One study reported positive feedback from learners specifically in regards to a format with a foundation-level doctor asking questions of a more senior physician [13] . Another review of existing podcasts described improved listening experience with interview format [14] . Podcasts structure was rarely reported, but some authors used a modular format including a "radio-drama" with sound effects and atmospheric noises that were applied to each topic [11] .
Feasibility and cost
Twenty-one papers had commentary on the feasibility of producing podcasts. Common challenges included cost, time commitment, technical skills, sustainability, and copyright concerns. Costs were related to equipment, software, web hosting services, subscription services, and production. Production costs were described in some fashion in six papers [10] [11] [12] [14] [15] [16] . Reported costs were variable (hardware costs ranged from 56 to 800 US dollars) though limited details were provided. The production of podcasts requires at minimum a computer, a microphone, and recording/editing software. Free editing software is available (such as Audacity, http://www.audacityteam.org/), and online hosting and distribution was described either as free through certain portals (i.e., iTunes, YouTube) or available at low cost (as little as 6 US dollars/mo). In terms of cost to the listener, several podcasts were available to be downloaded for free, whereas some were included with a paid subscription to a website, journal, or academic course.
Podcast listeners need access to the Internet and a device to play back the content.
Several articles detailed the time required to produce podcasts [17] [18] [19] . In three papers, it took an average of 2 to 3 hours to produce a podcast of length ranging from 8 to 10 minutes, with one article not reporting the length.
Podcast creators were found to have a wide range of technical skills, from professional services to educators without formal audio training. Some papers detailed opportunities for students to create their own podcasts for local peer to peer learning; one article described a peer review process and broader distribution [10] .
Utilization measures
Eleven papers reported some type of podcast utilization (Table 2 ) [9, 11, 12, 16, [20] [21] [22] [23] [24] [25] [26] . The most common metrics were total downloads, views, and website traffic.
One podcast directed at medical students on surgical rotation reported 100,000 downloads in the first 16 months [26] . No papers measured listener retention within a single episode (the fraction of an episode to which a learner listened). 
Educational outcomes
Several articles reported educational outcomes. These were stratified according to Kirkpatrick's outcome hierarchy ( Fig. 3) and are further described below (Table   3 ) [17, 20, [27] [28] [29] [30] [31] [32] [33] [34] [35] .
1) Reaction-satisfaction and preference
Reactions of learners to podcast interventions were described in 24 articles (Supplementary Table 1 ). These were assessed primarily through surveys using Likert scale items, multiple choice, and open-ended questions.
No papers used standardized validated tools for gauging learner reactions.
Most learners reported podcasts to be useful for learning and easy to use. With respect to learning, listeners found podcasts either no different from classroom education or better than traditional lectures.
Many people liked podcasts because of repeatability and Standard didactic (24) Podcast (33) Pre-and post-training quiz Podcast group had small but significant increase in test scores (mean change 6.21 vs. 5.08); those with more prior podcast experience had larger gains.
convenience, both of which they felt contributed to improved learning. Learners found podcasts to be more effective when visual aids were used [25] . Learners utilized the podcasts differently: some chose to listen to the podcasts prior to a classroom lecture, while others used the podcast to review material following a didactic session. Several papers mentioned that podcasts allowed for greater interaction or connection between teachers and learners [15, 19, 36] . Conversely, one paper indicated that students disapproved of podcasts because they did not allow learners to ask questions of faculty [37] .
Comments supporting the use of humor, personal
Fig. 4. Number of Citations per Year
A comparison of the citations per year in this study versus all PubMed citations that result from searching the term "podcast*".
anecdotes and the "personality" of a podcast were also reported [26] .
2) Learning-attitudes, skills, and knowledge
Eleven articles discussed the efficacy of podcasts in affecting learning outcomes. This assessment was usually accomplished through quizzes covering a specific subject within a medical specialty.
One study detailed that experienced educational podcast users (defined as having used four or more educational podcasts previously) benefited more from a new podcast intervention when compared to those with less podcast experience [35] . Nine papers detailed an improvement in test scores when podcasts were utilized, though few studies used a control group for comparison.
3) Behavior-impact on clinical practice
Changes in physician behavior were measured in one study. Quitadamo et al. [38] showed that physicians were found to prescribe fewer proton pump inhibitors after utilizing the podcast than prior to the podcast. However, the extent of the behavior change correlated to the podcast was not statistically significant when compared to conventional training via written synopses [38] .
4) Results-impact on patients
No articles described patient outcomes.
Discussion
Podcasting has become mainstream in the medical 
Feasibility, acceptance, and quality
The broad uptake of podcast production by medical journals reflects feasibility for large institutions, and this review finds many articles reporting low costs and short production times for individuals or groups of individuals producing podcasts. The authors' own experience is that high quality audio and content requires more time and equipment cost than are reported in the literature. An early review of the quality of podcasts in the medical field found them to be of inferior quality compared to audio recorded for radio [14] .
There is little evidence to support particular standard practices when developing a podcast. Wide ranges of lengths are reported; 15 to 20 minutes is a common length and may be a reasonable starting point. Ahn et al. 
Evaluating the impact of podcasts on medical education
There is controversy in the literature about adopting this new educational modality without evidence of efficacy [44] . As of this review, the learning outcomes that have been reported are mixed. Some studies showed improvement over traditional modalities and others showed similar efficacy. Most studies were uncontrolled, or podcasting was incorporated into a larger package of interventions. Overall evidence is weak for podcasts as educational tools. However, the same could be said for many traditional teaching techniques in medicine, and medical education research suffers from a lack of major academic currencies: prestige, perceived importance, and funding [45, 46] . More rigorous studies may be able to demonstrate how podcasts compare to traditional educa-tional modalities in terms of learning outcomes.
Beyond learning outcomes, there is a single study showing change in physician behavior after a single podcast, with no difference seen between podcast and a written synopsis. No study of change in patient outcomes was found, again underlying the need to better understand the impact of educational tools in general, and podcasts in particular.
Conclusion
The low cost, ease of production, rapid distribution, and general appeal of podcasting has made it more common in medical education. Several studies have demonstrated that implementing podcasts is both feasible and acceptable to a wide variety of medical learners.
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